@ Benefits of Optical Communications [E] /..

GHz THz PHz

Frequency 10° Hz 10"2 Hz 10"° Hz
LWIR vis UV

==

Wavelength 0.3 m 0.3 mm 0.3 pm
Satcombands UHF L X K L € Fiber telecom bands
Entire Band 0.85 1.2 1.1 =5 GHz 7 THz 3.9 THz
Typical User Band .02-30 30 50 25-300 MHz 50 GHz || 50 GHz
Features of extremely short System Potential Improvement
wavelengths of IR light Over RF
Nearly infinite bandwidth - Extremely high data rates in 10’s of THz vs
(and fiber telecom unregulated bands 50 GHz
components to make use - Use of extra bandwidth to
of it) achieve very high efficiency
Extremely high gain from Very small terminals Power delivery
small apertures efficiency
10,0002 greater
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High Rate for Deep Space
Garvin Science Study - Feb 2008

Observation:

| Lasercom fbor Plonerary Seiences

50x rate
improvement means

N year mission
might now be able
to be done in

N weeks

2> New science if lasercom

Potentlal monitoring of ch
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NASA Lasercom Strategic Plan
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High-Level Goals of the Tech Demo
LLCD

f \\ J A
-’_;n Ames Research Center

* Take first step toward making lasercom a reality for NASA science
and exploration missions

* Perform detailed, integrated design for capable end-to-end system

— Lasercom System Engineering

— Flexible, low-SWaP space terminal that can be integrated onto
spacecraft without adding many special needs

— Inexpensive, high-efficiency ground terminal with scalable architecture

* Demonstrate many of the major functions required by future
lasercom missions
— Robust pointing, acquisition, tracking
— Duplex comm day/night, full/new moon, high/low elevation, good/bad
atmospherics

— Time-of-flight measurements, as a by-product of the duplex comms, that
could be built into a high-accuracy ranging system
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LLCD Background

LLCD is a Class D+ technology demonstration
— Mission of opportunity on LADEE
— No minimum operational duration for the LLCD instrument
— Capability-based design
* LLCD development cannot be on the LADEE critical path

— LLCD delivery schedule must be consistent with LADEE
Integrated Master Schedule

* Operated on a non-interference basis
— Science mission objectives have priority over LLCD

— Program goal of 16 hours of mission operations
« Spacecraft checkout (primary window: 30 days)

— Primary science and post primary science operations phases
used to the extent that spacecraft resources are available




LLCD Background (continued)

History
— March 2008: NASA HQ requested GSFC for LLCD proposal
— Mid-June 2008: Decision to accommodate LLCD on LADEE
— July 13, 2008: NASA Interagency Agreement with Air Force for
MIT/Lincoln Laboratory tasking
— June 2009: LLCD PDR

Two Key LLCD Partnerships

— NASA
* NASA Headquarters-SCaN Program Office
« NASA/GSFC-Project Office
— MIT/LL is responsible for the development, test, and
operations of the LLCD System




LLCD Overview

Lunar Lasercom Space Terminal (LLST)

— Launch Readiness: May 26, 2012
 Minotaur IV+ launch vehicle
« Wallops Island, VA launch site

— Lunar orbit and commissioning
« 1-month LLCD orbit at 200-250km
 3-months science orbit at 50km

— Extended mission to extent possible

* Lunar Lasercom Ground Terminal (LLGT)

— LLGT currently planned to be installed at the NASA White
Sands Center (WSC) near Las Cruces, NM

Lunar Lasercom Ops Center (LLOC) will be installed at
Goddard Space Flight Center

Lunar Lasercom Mission Analysis Center (LLMAC) will be
installed at MIT Lincoln Laboratory in Lexington, MA
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Lunar Lasercom
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LLCD System Overview

Lunar Lasercom

Space Terminal
(LLST)

Optical Module

Lunar Lasercom

Ground Terminal
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Telescopes and Gimbals
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LLCD Design Guidelines

Lunar Lasercom
Ground Terminal
(LLGT)

Lunar Lasercom
Space Terminal
(LLST)

e LLST

Base design on previously-developed 10-cm terminal
Keep simple without putting too much burden on LLGT

Make design largely useable by follow-on NASA projects
such as operational Lunar or Lagrange

Keep size, weight, and power low
Migrate technology to deep space terminal

— Base receiver design on Photon Counting Superconductor

Nanowire Detector Arrays
Use array of 40 cm telescopes for receiver
Use array of 15 cm telescopes for beacon

Make design scalable to follow-on NASA projects

Keep eye safe
Simplify job for flight systems




